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An hierarchical syntaxonomic classification of the vegetation of the eastern Cape midlands is presented as a 
second approximation after the earlier work by Acocks (1988). Detail on geomorphology, geology, climate 
and early vegetation history is provided. The study area was stratified from Landsat MSS imagery and the 
community classification generated using two-way indicator species analysis (Twinspan). Tabular compari-
sons and final sorting of tables are according to the methods and techniques of the Zurich-Montpellier school 
of phytosociology. Syntaxonomic ranks are defined as five classes, nine orders and 17 communities. Classes 
are Grasslands (two orders, three communities), Karoo Shrublands (one order, five communities), Karoo 
Dwarf Shrublands (four orders, five communities) and Sub-tropical Transitional Thicket (one order, three 
communities), with one community representing the Riparian Thicket. In addition to diagnostic floristic 
elements, syntaxa are further characterized using structural and habitat criteria. The distribution of the 
syntaxa corresponds with the precipitation gradient experienced in the study area. Succulent Dwarf 
Shrublands occur in areas of low mean annual precipitation « 250 mm) on mineral-rich brack (saline) soils. 
Grassy Dwarf Shrublands occur in areas receiving 250-350 mm per annum on calcium-rich soils. Shrublands 
occur on steeply sloping landforms with higher precipitation (350-450 mm), with Grasslands receiving> 450 
mm per annum. Succulent Thicket occupies warm, dry sites on rocky, sloping landforms. 
'n Hierargiese sintaksonomiese klassifikasie van die plantegroei van die Camdebo- en Sneeuberg-streke van 
die karoobioom word weergegee as 'n tweede benadering op die vorige werk van Acocks (1988). Inligting oor 
die geomorfologie, geologie, klimaat and vroer plantegroei-geskiedenis van die gebied word gegee. Die area 
is deur middel van Landsat-beelde gestratifiseer en die gemeenskapklassifikasie is deur tweerigting-
indikatorspesies-analise (Twinspan) verkry. Vergelyking en finale sortering van tabelle is volgens die 
metodiek en tegnieke van die Zurich-Montpellier skool van fitsosiologie onderneem. Sintaksonomiese range 
word as vyf klasse, nege ordes en 17 gemeenskappe gedefinieer. Die klasse is Grasveld (twee ordes, drie 
gemeenskappe), Karoo-Struikveld (een orde, vyf gemeenskappe), Karoo-Dwerg-Struikveld (vier ordes, vyf 
gemeenskappe) en Sub-tropiese Oorgangswoud (een orde, drie gemeenskappe). Sintaksons word verder 
gekarakteriseer deur van strukturele- en habitat-kriteria, sowel as diagnostiese floristiese elemente. Die 
verspreiding van die sintaksons is in ooreestemming met die reenvalgradient wat in die studie-gebiede gevind 
word. Sukkulente-Dwergstruikveld kom in gebiede met lae jaarlikse reenval « 250 mm) op mineraalryke, 
soutagtige grond voor. Grasagtige Dwergstruikveld kom in gebiede wat 250-350 mm per jaar ontvang, op 
kalsiumryke grond, voor. Die struikveld kom op steil landvorms met hoer reenval (350-450 mm) voor, met 
grasveld in gebiede wat > 450 mm ontvang. Die oorgangswoud kom meestal op warm, droe plekke op 
glooiings voor. 
Keywords: Grassland, karoo, phytosociology, shrubland, thicket 
Introduction 
The eastern Cape midlands was the domain of l.P.H. 
Acocks who spent 31 years at the Agricultural Research 
Institute, Middelburg, Cape Province. In his standard guide 
on vegetation types in southern AfTica (Acocks 1988), he 
presented the concept of the veld type as an 'agro-ecological 
unit of vegetation' (Cowling 1984). He had 'a brilliant 
perceptive overview of vegetation patterns in South Africa' 
(Cowling 1984). The techniques used precluded a clear 
definition of 'veld type' and he incorporated 'structurally 
and floristically unrelated types into a single veld type' 
(Cowling 1984). In this paper a syntaxonomic hierarchy of 
vegetation units is presented as a second approximation to 
his work. Floristic and structural criteria were used to 
describe syntaxa and prepare testable hypotheses regarding 
their origins and interrelationships with the physical 
environment. 
This study was undertaken towards the eastern limit of 
the Nama-Karoo biome (Rutherford & Westfall 1986) in a 
microcosm of four biomes (Palmer 1990a). The steep 
gradients in topography and climate provide an opportunity 
to follow changes in the environment and the concomitant 
change in vegetation floristics and structure. 
The study area 
The study area extends from 32° to 33° Sand 24° to 26° E 
and includes the Camdebo and Aberdeen plains and the 
mountains of the Great Escarpment (King 1942), including 
the Winterhoekberge and Sneeuberge, and comprises 
1 :250000 SA Topo Series sheet, 3224 Graaff-Reinet. The 
area, covering some 20 000 km2 , contains 13 veld types 
(A cocks 1988) and can be sub-divided into three physio-
graphic units: the southern plains, the mountain ranges and 
the northern plains. The Camdebo and Aberdeen plains are 
large interior basins which overlie resistant rocks, upon 
which deep, alluvial soils have been deposited or developed 
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in situ (Johnson & Keyser 1976). 
The dominating feature of the mountainous landscape is 
the Nadouwsberg Peak (2416 m), which is the highest peak 
of the Tandjiesberg range. Other ranges are, from west to 
east, the Koueveldberge, Sneeuberge, Bankberg, Coetzees-
berge, Agter-Bruintjieshoogte and Groot Bruintjieshoogte. 
These mountains form the boundary between the Camdebo 
plains and the high altitude interior. The study area 
comprises a large proportion of the upper catchment of the 
Sundays and Great Fish rivers. 
Geomorphology 
The macro-scale landscape extends from the Great Karoo, 
across the mountains of the Great Escarpment to the Upper 
Karoo (King 1942), or Southern Interior Basin (Kruger 
1983). The meso-scale landforms are described using a 
broad catenary arrangement of land facets in a ten-class 
system (Scheepers 1987). Further description of the surface 
features follows Gabriel & Talbot (1984) and Harmse et al. 
(1984). Landform establishes a moisture gradient (Knight 
1987) which is an important abiotic determinant of plant 
cover in semi-arid regions (Shmida 1985). 
The large basins found between the dolerite dykes form 
the distinctive Karoo plains or pediments. The areas are 
never completely flat and are generally traversed by a 
drainage line, or erosion gully, incised into the deep 
structureless Quaternary alluvium. Pediments may contain 
shallow pans (Gabriel & Talbot 1984) where sodium, 
calcium and magnesium carbonates have accumulated. 
Erosion of the soil surface by wind and water is an 
important phenomenon in the Karoo biome (Walters 1955; 
Roux & Opperman 1986) and it is suggested that soil 
capping and erosion of the A-horizon result in a poor 
germination environment for indigenous plant species. Wind 
erosion is a significant disturbance factor (Walters 1955) 
and the strength and duration of wind (Figure 1) contributes 
to the maintenance of aridity in the region. 
Geology 
The oldest rocks in the region are grey and 'red' mudstones 
and sandstones of the Middelton formation (Adelaide 
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Subgroup: Beaufort Group: Karoo Supergroup), being 
sedimentary rocks of Upper Permian age (Johnson & Keyser 
1976). 
The Adelaide Subgroup consists of alternating layers of 
grey, fine-grained sandstone (25%) and greenish-grey, 
bluish-grey or greyish-red mudstone (70%). Sandstones 
show horizontal lamination and the mudstones are poorly 
stratified or massive (Johnson & Keyser 1976). In the 
eastern section of the study area lie the fossiliferous beds of 
the Katberg formation (Tarkastad Subgroup of the Beaufort 
Group). These beds may be up to 500 m thick and mudstone 
constitutes about 30% of the formation (Johnson & Keyser 
1976). 
Secijmentary rocks are intruded by Jurassic-age dolerite 
and the initiation of erosion cycles exposed the underlying 
Beaufort Group. Relics of these formations are the 
numerous narrow ridges (dykes) which traverse the area, 
and the massive granites which underlie large mountains 
(e.g. Rooiberg). 
Quaternary sediments occur in two forms in the inland 
basin, namely alluvial deposits formed on the flood plains of 
major watercourses; and colluvial deposits which are thin 
but extensive surface deposits formed by sheetwash. 
Climate 
Hist orical cl imat e 
'The climatic history of southern Africa has been 
characterized by great change and variability' (Tyson 1986), 
with the period since the last glacial maximum being the 
most interesting to vegetation scientists. At the time of the 
last glacial maximum (18 000 BP - most precise date 
Talma & Vogel 1986), glacial conditions were never 
experienced, although periglacial conditions prevailed at 
high elevations. From 16 000 to 10 000 BP conditions may 
have been wetter and cooler than at present (Deacon & 
Lancaster 1988). Meadows et al. (1987) present palaeno-
logical evidence from a site in the Winterberg (100 km east 
of the study area) to suggest that there have been no obvious 
trends in the climate since 8 000 BP. 
The journals of Le Vaillant (1796) and Barrow (1801), 
and evidence from enhanced growth phases in tree-ring 
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Figure 1 Windroses for Middelburg, Cape. 
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series (Tyson 1986), suggest that the interior of southern 
Africa may have been wetter during the late eighteenth and 
early nineteenth century than at present. Some of the oldest 
meteorological stations in southern Africa are located in the 
karoo, with precipitation records from Graaff-Reinet 
beginning in 1861 and Grahamstown in 1865. Tyson (1986) 
rejects the hypothesis that southern Africa has undergone 
progressive desiccation during the period of the meteoro-
logical record, however, oscillatory variations in precipi-
tation are apparent. 
Present climate 
Mean annual precipitation ranges from 284 mm at Aberdeen 
to 591 mm at Somerset East. The climate diagrams (Walther 
& Lieth 1960), prepared for stations with known tempera-
ture data (Figure 2), show steep precipitation gradients. 
Rainfall reliability diminishes from west to east (Venter et 
al. 1986) with 60-70% of the mean annual precipitation 
falling in summer (October to March). The isotherms of 
Venter et al. (1986) present mean annual temperatures from 
15 to 17.soC, with summer (January) maximum tempera-
tures ranging from 30-32°C and 10-20 days per annum 
with minimum temperatures below O°C. A cool steppe 
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climate (Schulze 1947) is experienced by the mountains of 
the Great Escarpment, with a warm steppe climate in the 
eastern lowlands (Vorster 1985). 
General 
Biogeographical affinity 
Within the biome approach, Werger (1978) and White 
(1983) regard the extensive arid and semi-arid areas of the 
south-western part of southern Africa as the Karoo-Namib 
biogeographical region. White (1983) defines three major 
vegetation types in the study area, namely bushland and 
thicket, semi-desert vegetation and grassy shrubland. 
Bushland and thicket contain one sub-division, namely 
evergreen and semi-evergreen bushveld and thicket, whereas 
the grassy shrubland is represented by Karoo grassy 
shrubland and Montane Karoo grassy shrubland. The semi-
desert vegetation of the study area is represented by three 
divisions, namely semi-desert vegetation in the west, bushy 
Karoo-Namib shrubland and dwarf Karoo shrubland. The 
Karoo-Namib region is divided into three biomes by 
Rutherford & Westfall (1986), namely Nama- Karoo Biome, 
Succulent Karoo Biome and Desert Biome. According to 
this classification, this study area falls completely within the 
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Figure 2 Climate diagrams for recording stations in the study area_ (a) Number of recording years (rainfall); (b) Number of recording 
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Nama-Karoo Biome. 
Four phytochorological regions meet in the study area. 
These are a Tongaland-Pondoland succulent thicket (Moll 
& White 1978), Karoo-Namib elements (Werger 1978), 
Afro-montane remnants (White 1978), and Sudano-Zambe-
zian grasslands (Werger & Coetzee 1978). A combination of 
a variable climate, complex topographical and geological 
patterns, and species assemblages from the phytochoria 
mentioned above, has resulted in complex vegetation 
gradients. Floristic information collected during the survey 
has been used (Palmer 1990a) to define the relationship 
between the regional flora and the biomes of Rutherford & 
Westfall (1986). 
Methods 
Sampling strategy 
The methods and techniques of the Ziirich-Montpellier 
school (Westhoff & van der Maarel 1973; Mueller-Dombois 
& Ellenberg 1974; Werger 1974; Wendel berger 1979) have 
been applied in this study. Sampling sites were selected 
using stratified random sampling (Southwood 1978). The 
study area was divided into Landsat Sampling Units 
(LSU's) following Harrington & Dunn (1980). Quadrats 
selected within each LSU were surveyed using the Braun-
Blanquet method (Werger 1974). No sampling was under-
taken in specialized communities (wetlands, river banks, 
cliffs) or in Afro-montane forest. 
In a species-area curve prepared in the Grassy Dwarf 
Shrublands, a 100-m2 quadrat provided 70% of the 
information contained in a 1 600-m2 plot. In the Succulent 
Dwarf Shrubland, a l00-m2 (10 m x 10 m) quadrat 
provided 66% of the information contained in 300 m2. In the 
Succulent Thicket, sample area was varied to accommodate 
the structural differences between bushclumps and Grass-
lands or Dwarf Shrublands. The sample boundary was laid 
out around a bushclump, it was not regular and the area was 
varied. Details of the grass or herb layer between the clumps 
were noted as a separate list of species, although for the 
purposes of syntaxonomic description, all floristic informa-
tion about a site was included. In the Shrubland, a clump 
was included in a 100-m2 quadrat, where the clumps 
represent 10% or more of the cover on a landscape. 
Percentage projected canopy cover was estimated subjec-
tively and allocated cover abundance values according to the 
scale of Barkman et al. (1964). Voucher specimens were 
submitted to the National Herbarium, Pretoria (PRE). 
Environmental variables were recorded in each quadrat 
(Table I) and summarized for each community after 
completion of thc phytosociological classification (Table 2). 
In selected quadrats, soil samples were collected for further 
analysis. Details of the mcthods and findings of this aspect 
of the study area presented by Palmer (1988). 
Published rainfall isohycts for the region (Venter et al. 
1986) proved inadequate for assessing the relationship 
between a precipitation gradient and the vegetation. Mean 
annual precipitation, compiled from stations with records of 
20 years and more (Erasmus 1987), was used to classify the 
184 stations into seven classes: 200-250 mm, 251-300 mm, 
301-350 mm, 351-400 mm, 401-450 mm, 451-500 mm 
and> 500 mm. Isohycts (50 mm) were drawn to enclose the 
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Table 1 Details of the environmental variables 
recorded at quadrats during the sUNey 
Variable 
Nwnber 
Location 
Altitude 
Photographic record 
Veld type 
Formation 
Dominants 
Geology 
Geomorphology 
Erosion status 
Aspect 
Slope 
Exposure 
Biotic influences 
Soil type 
Soil depth 
Watertable 
Method 
Sequential ARPI - ARP290 
Co-ordinates determined from Topo Maps 
Estimated from Topo Series Maps 
Details of monochrome and Ektachrome 
recorded 
Determined from 1 :250 000 enlargements of 
Acocks (1988) 
According to Edwards (1983) 
Subjective assessment of dominant species 
After Johnson & Keyser (1976) and 
Visser (1986) 
Landform descriptions from Gabriel & 
Talbot (1984) 
1 (low) - 5 (high) 
Measured using a compass. Converted to N, 
NE, E, SE, S etc. 
Abney level (") 
Usually open, rarely protected by 
overhangs etc. 
Special note of any biotic influences 
According to MacVicar el al. (1974) 
Measured when auger hole drilled. 
Otherwise estimated 
Estimated 
Landsat sampling nwnber Read from classified working map 
Soil analysis (Carried out for selected quadrats) 
Texture Pipette analysis 
pH In KG and H20 
Extractable cations IN NH. acetate leachate 
S-value Swn of extractable cations 
Oxdizable carbon % weight after burning 
Moisture % weight after desiccation 
Available phosphorus Bray No.2 acid extraction 
stations within the lines, with contours altered to coincide 
with major topographical features. 
Data analysis and synthesis 
U sing a manual tabulation procedure on a word processer 
(palmer & Lubke 1982), the tables were rearranged after 
applying two-way indicator species analysis (Twinspan) 
(Hill 1979). The final product approaches the classical 
methods of the Ziirich-Montpellier school. 
Synoptic or summary tables (Tables 3-10) were extracted 
from the two-way phytosociological tables. These tables 
'summarize species fidelity to communities within an order 
and the diagnostic value of species of that order' (Cowling 
1983). The presence of each species within each community 
is rated on a five-point scale and the range of its cover-
abundance value is noted: I = 1-20% frequency; 2 = 
21-40% frequency; 3 = 41-60% frequency; 4 = 61-80% 
frequency; 5 = > 80% frequency. A synoptic table is 
considered as sufficient original diagnosis if it contains 
species with a constancy of above 20% (Barkman et al. 
1986). Those species in Tables 3-10 with constancy> 20% 
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Table 2 A summary of the major environmental variables associated with each community. 
Community No. 
Formation 
Altitude (m) 
min 
max 
Veld type 
Geology 
Landform 
Erosion index 
Aspect 
Slope (0) 
Soil type 
Canopy cover (%) 
Rockiness (%) 
No. of releves 
IAI 
g 
700 
1550 
42 
s, d 
co/s 
v 
0-2 
mrc 
75 
o 
3 
IA2 
g 
1350 
1640 
60 
s, m, d 
cs 
pI 
O,w 
0-13 
mrc 
85 
0-80 
3 
IEI IIAI IIA2 IIA3 IIA4 IIA5 IlIA I IlIA2 IlIBI IlICI IlIDI IVAI IVA2 IVA3 VAl 
g 
1350 
1700 
60 
s, d 
cs 
pi 
1-4 
v 
0-4 
gds gds gds 
727 1270 1330 780 420 970 1000 
1330 1660 1450 1480 1620 1090 1320 
37 60 60/37 37 37 37 37 
s, d 
co/s 
s, d 
co/s 
s, d 
cs 
pI 
s, d, 1 
co/s 
pI 
s, d 
co/s 
p 
s, d 
cs 
p 
s, d 
IT 
cs 
1-5 1-3 1-2 1-3 1-3 1-2 1-4 
S, sw e, W S, e, w n-ne v n, S, 0 n, nw 
0-18 4-22 5-22 1-24 0-20 4-13 0-8 
mrc mrc sli mnd mrc mrc sli 
15 
sli 
40 45 55 45 60 40 20 
ds ds sds 
630 790 
1480 1490 
36/38 37/38 
690 
790 
38 
S, fit a 
p 
1-3 
o 
0-5 
sw 
30 
s, d, a s, d, m 
cs p 
P 
1-5 
0, ne 
0-5 
2-5 
O,n 
0-18 
sli mrc 
25 10 
0-20 0-25 0-45 5-30 0-50 10-60 0-65 15-40 0-20 0-15 0-40 
12 11 4 5 14 16 15 13 40 14 11 
st 
540 
980 
25 
st 
400 
1060 
25/37 
st 
490 
790 
25 
rt 
606 
820 
38 
s, d 
co/s 
s, d 
co/s 
s, d, m a, s, d 
p b 
1-2 1-3 2-4 
v n, s n 
0-15 0-15 2-13 
mrc sli sli 
55 15 65 
0-80 0-50 10-35 
10 13 5 
1-3 
o 
o 
d 
25 
o 
5 
Formation: g = Grassland, s = Shrubland, gds = Grassy Dwarf Shrubland, sds = Succulent Dwarf Shrubland, ds = Dwarf Shrubland, st = Succulent 
Thicket, rt = Riparian Thicket. 
Geology: s = sandstone, m = mudstone, d = dolerite, a = alluvium, I = lidianite. 
Landform: co = concave slopes, cs = convex slopes, p = pediment, pI = plateau, IT = rocky ridge, b = bottomland, co/s = convex and concave slopes. 
Erosion index: 1 = O-horizon intact, 2 = O-horizon absent, 3 = initial erosion of A-horizon, 4 = moderate erosion of A-horizon, and pedestal formation, 5 
= excessive erosion of A-horizon with plinthite exposed. 
Aspect: 0 = flat with no definite aspect, v = variable, w = mainly west, e = mainly east, n = mainly north, s = mainly south. 
Soil type: m = Mispah, mrc = Mispah-rock complex, sli = sandy lithosol, mnd = Mispah/NyokalDuffield association, d = duplex 
were regarded as differential species, but many species with 
constancies of < 20% have been included and these are 
accompanying species. 
Syntaxa 
Syntaxonomic ranking 
The regional vegetation can be divided into five classes on 
the basis of broad structural and floristic attributes. These 
are Karoo Shrublands [sensu lato grassy shrubland (White 
1983)]; Karoo Dwarf Shrublands [sensu lato semi-desert 
vegetation (White 1983)]; Sub-Tropical Transitional Thicket 
[sensu stricto Cowling (1983)]; Grasslands and Riparian 
Thicket. 
Concepts of Martin & Noel (1960) and Werger (1980) are 
modified and the term Karoo Dwarf Shrubland is suggested 
to describe the vegetation of the Nama-Karoo biome. This 
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Figure 3 Dendrogram of the hierarchical relationship between the communities. 
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is a change from the 'short sparse shrubland' of Edwards 
(1983), and the 'dwarf open shrubland' of Cowling (1986), 
and allows the use of the adjectives such as 'grassy', 
'succulent' and 'degraded' to describe particular states of 
the Dwarf Shrubland. 
The gradient from the mesic grasslands to the xeric 
Succulent Dwarf Shrubland is summarized in the dendro-
gram (Figure 3). Sampling in some cases is not sufficiently 
intense to extract associations (sensu Werger 1974) as the 
final taxonomic unit. The ultimate units are termed 
'communities' without allocating syntaxonomic rank. In 
some cases they are equivalent to associations but could 
possibly be ranked as alliances (Barkman et al. 1986). 
The main rank in this treatment is the order, which is 
roughly equivalent to an Acocks (1988) veld type. It is a 
unit comprising a range of communities which are floristic-
ally and structurally related, occurring under broadly similar 
environmental conditions. The highest unit, the class, 
comprises a group of floristically related orders. 
The code appearing in front of the syntaxa names symbol-
izes the relationship between the syntaxa. 
I = class, A = order, I = community. 
I Grasslands 
IA 
IAI 
IA2 
IB 
IBI 
II 
II 
lIAI 
HA2 
IIA3 
IIA4 
lIAS 
III 
Short mesic grasslands of the flat to gently undula-
ting landforms 
Digitaria eriantha-Themeda triandra Short Grass-
land 
Themeda triandra-Eragrostis chloromelas Short 
Grassland 
Grasslands of the steeply sloping landforms 
Merxmuellera disticha-Elytropappus rhinocerotis 
Montane Grassland 
Karoo Shrublands 
Shrublands of the rocky slopes 
Euryops spathaceus Degraded Shrubland 
Euclea coriacea-Sutera mollis Degraded Shrubland 
Diospyros austro-africanus Grassy Shrubland 
Chenopodium phillipsianum Grassy Shrubland 
Becium burchellianum Grassy Shrubland 
Karoo Dwarf Shrubland 
III A Grassy Dwarf Shrublands on the Katberg sand-
stones of the Cradock region 
IIIA I Aristida difJusa- Becium burchellianum Grassy 
Dwarf Shrubland 
IlIA 2 Aptosimum procumbens-Rhus burchellii Broken 
Dwarf Shrubland 
IIIB 
IIIB I 
IllC 
IllCI 
The Grassy Dwarf Shrublands of the Camdebo and 
Aberdeen plains 
Eriocephalus ericoides-Rosenia humulis Grassy 
Dwarf Shrubland 
Dwarf Shrublands (typic urn) of the Camdebo 
Euryops anthemoides-Sutera halimifolia Dwarf 
Shrubland 
IIID Succulent Dwarf Shrubland 
IIID I Senecio acutifolius-Haworthia viscosa Succulent 
Dwarf Shrubland 
IV 
IVA 
IVAI 
Sub-tropical Transitional Thicket 
Camdcbo Succulent Thicket 
Abutilon sonneratianum-Portulacaria afra Succu-
lent Thicket 
Table 3 Summary table of the differential 
species of the Grasslands of the Sneeu-
berg region 
Class 
Order number 
Community number 
Number of releves 
Differential species of 
community IA 1 
Helichrysum nudi[olium 
Oxalis bowiei 
Indigo[era rugosa 
Diilscia capsularis 
Pelargonium abrotanifolium 
Protasparagus thunbergii 
Cotula soraria 
Schismus inermis 
Senecio pterophorus 
Elionurus argenteus 
Differential species of 
community IA2 
Hyparrhenia hirta 
Euryops tenuissimus 
Tarconanlhus camphoratus 
Differential species of 
community IB 1 
Merxmuellera disticha 
Tragus koeleroides 
Elytropappus rhinocerotis 
Penlzia globosa 
Nenax microphylla 
Felicia [ilifolia 
Diospyros austro-africana 
Rhus erosa 
Heteropogon contortus 
Aristida diffusa 
Cymbopogon plurinodis 
Eriocephalus ericoides 
Salvia repens 
Differential species of 
communities IA I, IA2 and IB I 
Themeda triandra 
Eragrostis chloromelas 
Passerina montana 
Eragrostis curvula 
Tetrachne dregei 
Melica decumbens 
Companion species 
Chrysocoma ciliata 
Walafrida geniculata 
Pentzia incana 
5 
3 
A 
1 
3 
2 
2 
3 
5 
A 
2 
3 
B 
1 
12 
5 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
5 
2 
2 
3 
IVA2 May tenus polyacantha-Pappea capensis Degraded 
Succulent Thicket 
IV A3 Peliostomum origanoides-Portulacaria afra Succu-
lent Thicket 
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V Riparian Thicket 
V A Lycium oxycarpum-Maytenus heterophylla Ripar-
ian Thicket 
I. Grasslands 
Acocks (1988) defined three veld types (VT), namely 
Eastern Province Grassveld (VT 68), Dohne Sourveld (VT 
44) and Karroid Merxmuellera Mountain Veld (VT 60). In 
this study, one community is defined in each (Table 3). 
IA. Short mesic grasslands of the flat to gently undulating 
landforms 
These grasslands occur on the plateaux and lower pediment 
sites with high mean annual precipitation (400-650 mm). 
Typical records of mean annual rainfall from stations in 
these grasslands include Somerset East (591 mm), Oukraal 
(536 mm) and Cookhouse (407 mm). 
IA 1. Digitaria eriantha-Themeda triandra Short Grassland 
There is an abrupt GrasslandlDwarf Shrubland interface 
between Somerset East and Pears ton, also remarked upon by 
Barrow (1801). High cover-abundance values for Themeda 
triandra. Eragrostis chloromelas and E. curvula (Figure 4) 
are recorded. Elevation varies from 700--1 550 m, with the 
underlying geology dominated by sandstone. Soils are 
poorly drained, with high moisture content at the time of the 
survey. A moderately alkaline pH of 6.3 was recorded, 
together with a relatively high clay fraction of 12.2%. In 
comparison with soils from other sites in the study area, 
mineral levels were low (Mg = 17.7 ppm; Ca = 68 ppm; 
Na = 3.7 ppm). This is most likely a consequence of 
leaching due to the higher rainfall . Above-ground termitaria 
are a reliable feature of this community. 
Differential and companion species include Helichrysum 
nudifolium. Pelargonium abrotanifolium and Lycium 
schizocalyx. These concur with those listed by Acocks 
(1988) as being diagnostic of the Eastern Province 
Grassveld (EPG). 
Synonymy: sensu stricto Eastern Province Grassveld 
(Acocks 1988). 
IA2. Themeda triandra-Eragrostis chloromelas Short 
Grassland 
This community occurs at high elevation at Sterkwater 
(1 623 m), near the homestead at Compass berg (1 635 m) 
and on the Ouberg (1 640 m). Dominated by Themeda trian-
dra and Eragrostis chloromelas, these grasslands contain a 
species-rich mesic flora (Figure 5). Infrequent species, 
which would probably appear as differential species in a 
larger sample set include Tetrachne dregei. Selago albida. 
Argyrolobium collinum. Schizoglossum aschersonianum. 
Bromus leptoclados. Elionurus argenteus. Hyparrhenia 
IUrta. Helictotrichon turgidulum. SclUsmus inermis. Senecio 
pterophorus. Euryops tenuissimus. Tarconanthus camphora-
tus. Helichrysum nudifolium and Protasparagus thunbergii. 
Soil analysis of a site on the farm Sterkwater, revealed 
low concentrations of minerals (Mg, Ca, K, Na and P), as 
well as a low pH (5.4). This suggests leaching of the upper 
soil and a low nutrient status for these grasslands. 
Synonymy: sensu stricto Dohne Sourveld (Acocks 1988). 
Figure 4 Digitaria eriantha-Themeda triandra Short Grassland 
near Somerset East. Dominant species are Eragrostis curvula. E. 
chloromelas. Digitaria eriantha and Themeda triandra. 
Figure 5 Themeda triandra-Eragrostis chloromelas Short 
Grassland on Sterkwater near Somerset East. Infrequent species 
include Tetrachne dregei. Selago alb ida and Helichrysum 
nudifolium. 
lB. Grasslands of the steeply sloping landforms 
IBI. Merxmuellera disticha-Elytropappus rhinocerotis 
Montane Grasslands 
Merxmuellera disticha is the only differential species with 
high cover-abundance values. Other differential species 
include Felicia filifolia. Cymbopogon plurinodis. Pentzia 
globosa. Elytropapous rhinocerotis and Nenax microphylla. 
Species also found in mesic grasslands are Themeda trian-
dra. Tetrachne dregei. Passerina montana and Melica 
decumbens. 
These are dry grasslands of the steeply sloping landforms. 
Rainfall stations include Nieu-Bethesda (1 350 m, 383 mm) 
and Compass berg (1 635 m, 387 mm). Rainfall is margin-
ally higher than Graaff-Reinet, with the same unimodal peak 
in late summer. This contrasts with the bimodal rainfall of 
St. Olives, Somerset East and Katbosch. 
Geology varies from sandstone to a mixture of blue and 
grey mudstone. Dolerite rocks are present in many of the 
releves, which are predominantly flat to north-facing, 
suggesting greater aridity. Soils are a sandy-loam in a 
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Table 4 A summary table of the differential and 
companion species of the Shrublands of the Camdebo 
and Sneeuberg regions of the Nama-Karoo biome 
Oass 
Order 
Community 
Nwnber of releves 
Differential species of 
community IIA I 
Grewia robusta 
Rhus longispina 
Cynodon incomplelus 
Ehretia rigida 
Differential species of 
community IIA2 
Euclea coriacea 
Sutera mol/is 
Mesloiderna albanicum 
Aloe broomii 
Differential species of 
community IIA3 
Diospyros auslro.africana 
Elylropappus rhinocerolis 
Rhus erosa 
Crassula muscosa 
SuI era halimifolia 
Selago corymbosa 
Olea europaea 
Differential species of 
community IIA4 
Grewia occidentalis 
Chenopodium phillipsianum 
Sporobolus }unbrialus 
Arislida cangesla 
Indigofera heterophylla 
Teucrium africanum 
Melica decumbens 
Solanum coccineum 
Helichrysum cymosum 
Eragrostis chloromelas 
Lantana rugosa 
Solanum rigidum 
Differential species of 
community IIA4 
Eragroslis curvula 
Nenax microphylla 
Becium burchellianum 
Melolobium candicans 
Tragus racemosus 
Helichrysum dregeanum 
Eriocephalus umbellalus 
Differential species of 
communities IIA4 & 5 
Heleropogon conlorlus 
Digilaria eriantha 
Indigofera sessilifolia 
Eriocephalus african us 
II 
A 
11 
3 
3 
3 
II 
A 
2 
4 
3 
3 
II 
A 
3 
5 
2 
5 
3 
2 
2 
2 
II 
A 
4 
14 
2 
2 
2 
2 
2 
2 
3 
2 
3 
2 
3 
2 
4 
4 
3 
4 
II 
A 
5 
16 
2 
2 
3 
2 
5 
2 
Table 4 Continued 
Oass 
Order 
Community 
Nwnber of releves 
Enneapogon scoparius 
Cymbopogon plurinodis 
Differential species of 
communities IIAI-5 
Rhus burchellii 
Acacia karroo 
May tenus polyacantha 
Ehrharlia calcyina 
Euclea undulala 
Euryops spathaceus 
Buddleja saligna 
Companion species 
Pentzia incana 
Chrysocorna ciliala 
Themeda Iriandra 
Walafrida geniculala 
Eragroslis lehrnanniana 
II 
A 
II 
5 
4 
I 
2 
3 
II 
A 
2 
4 
3 
I 
5 
II 
A 
3 
5 
3 
2 
2 
3 
5 
3 
5 
2 
3 
3 
II 
A 
4 
14 
3 
3 
3 
3 
4 
4 
5 
II 
A 
5 
16 
2 
2 
3 
3 
4 
2 
3 
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Mispah-rock complex witb moderately high Ca levels (112 
ppm). Soil pH is moderately low (6.2). 
In concordance witb Acocks (1988), the following species 
are of infrequent occurrence: Karroochloa purpurea, 
Polygala leptop hylia , Pelargonium reniforme, P. myrrhifo-
lium var. myrrhifolium and Dianthus namaensis. 
Synonymy: sensu stricto Karroid Merxmuellera Mountain 
Veld (Acocks 1988). 
II. Karoo shrublands 
~ 
I1A. Shrublands of the rocky slopes 
Shrublands of the Karoo-Namib region have been 
documented by Werger (1980). Generally tbey occur on 
steep, rocky slopes and tbe soils are mainly shallow, neutral 
to slightly acid lithosols. Shrublands have an open structure, 
with shrub densities seldom exceeding 10% of landscape 
cover. Cover between the shrubs may consist of grasses, 
dwarf shrubs or a combination of both (Table 4). These 
differences may be a consequence of the immediate 
management history of the area. 
Synonymy: sensu stricto Rhoetea erosae (Werger 1980), 
sensu lato False Karroid Broken Veld (Acocks 1988). 
HAl Euryops spathaceus Degraded Shrubland 
In areas of high rainfall (> 450 mm per annum) tbe order is 
characterized by a high incidence and cover of the genus 
Rhus. Differential species include Rhus longispina. R. 
burchellii. Euryops spathaceus. Grewia robusta and Ehretia 
rigida. Companion species are Pentzia incana, with few 
grasses represented. Clumps may cover up to 50% of the 
releve. 
Altitude varies from 727-1 330 m, with the geology 
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predominantly sandstone and dolerite. Releves have a 
southerly aspect, with rockiness varying from 0-80%. 
IIA2. Euclea coriacea-Sutera mollis Degraded Shrubland 
Situated at moderately high elevations (1 270-1 660 m), this 
is a degraded form of the Shrublands in a mesic environ-
ment. The terrain is gently to steeply sloping, with 
sandstones and scattered dolerite boulders (Figure 6). 
Excessive erosion is evident between the dwarf shrubs. 
Shrubs are not a major feature of this community and dwarf 
shrubs may account for as much as 60% of cover. Differen-
tial species include Euclea coriacea. Sutera mollis. Elytro-
pappus rhinocerotis and Mestoklema albanicum. Companion 
species include Chrysocoma ciliata. Aristida diffusa. Pentzia 
incana and Merxmuellera disticha. These releves represent a 
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condition in which the grass component has been replaced Figure 6 Euclea coriacea--SuJera rrwllis Degraded Shrubland at 
by dwarf shrubs. Differential species include the woody the Valley of Desolation. Graaff-Reinet. Differential woody 
shrubs Rhus burchellii. Buddleja sa ligna and Rhus erosa. species include Rhus undulaJa, Buddleja saligna and Rhus erosa. 
Infrequent species include Eustachys paspaloides, Aloe 
broomii var. tarkaensis and Ehrharta calycina. 
IIA3. Diospyros austro-africanus Grassy Shrubland 
Releves are located on the cool east- or south-facing slopes 
and elevation of the releves varies from 1 330-1 450 m. 
Parent geology varies from dolerite to dolerite boulders on 
sandstone, with the soils being classified as a Mispah-rock 
complex. Total cover values for these releves is high 
(60-80%), with woody shrubs cover accounting for 15-45% 
of total vegetative cover (Figure 7). Differential species 
include Diospyros austro-africanus. Olea europaea subsp. 
africana. Blepharis villosa. Euclea undulata. Euryops 
spathaceus, Rhus burchellii and R. erosa. Companion 
species include Pentzia incana, Chrysocoma ciliata and 
Themeda triandra. 
IIA4. Chenopodium phillipsianum Grassy Shrubland 
The elevation of the releves in this community varies from 
780-1 480 m, with many being lower than those of IIA2. 
Landforms are convex and well draine<L with a northerly 
aspect. Total vegetative cover is lower than in IIA2, varying 
from 30-80%, with woody shrubs accounting for 10-50% of 
total vegetative cover. Dolerite is present in all the releves, 
with sandstone and lidianite being found in some cases. 
Grassiness was accounted for by Digitaria eriantha. 
Themeda triandra. Eragrostis chloromelas. Hyparrhenia 
hirta. Eustachys paspaloides. Cymbopogon plurinodis, and 
Heteropogon contortus. Differential species include 
Teucrium africanum. Eriocephalus africanus, Lantana 
rugosa. Helichrysum cymosum. Solanum coccineum. Wala-
frida saxatilis and Chenopodium phillipsianum. Woody 
shrubs which are differential species include Grewia 
occidentalis and Rhus burchellii. 
IIA5. Becium burchellianum Grassy Shrubland 
Differential species are the dwarf shrubs Eriocephalus 
umbel/atus. Tragus racemosus. Helichrysum dregeanum and 
Becium burchellianum. Woody shrubs are rare, but include 
May tenus polyacantha, Rhus erosa and R. burchellii. 
Figure 7 Diospyros austro-africanus Grassy S hru bland, with 
Rhus erosa in the foreground. 
Grasses are abundant, with Aristida diffusa, Eragrostis 
lehmanniana, E. obtusa. Themeda triandra, Heteropogon 
contortus and Tragus koeleroides appearing in one releve. 
Near the Mountain Zebra National Park (MZNP), Acocks 
regards VT 42 as a product of anthropogenic influence. It is 
one of the smallest Veld Types, measuring some 2 250 km2 
(Scheepers 1983) in extent. Van der Wait (1980) describes a 
Becium burchellianum community on the plateaux in the 
MZNP, and suggests this is a product of localized over-
grazing. It is proposed that this community contains species 
adapted to shallow stoney soils (Figure 8). B. burchellianum 
is a regional endemic (palmer 1990a) and is associated with 
prominent sandstone outcrops., 
Synonymy: sensu stricto Karroid Merxmuellera Mountain 
Veld replaced by Karoo (Acocks 1988). 
III. Karoo Dwarf Shrublands 
Dwarf Shrublands occur on the gently sloping, arid 
pediments between the mountain ranges . Structureless to 
weakly structured soils are a feature of these pedologically 
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Figure 8 Becium burchellianum Grassy Shrubland near the 
Mountain Zebra National park. 
young landscapes. Soils have generally developed in situ 
from colluvium, with lime present in the entire landscape, 
and the Mispah and Glenrosa forms predominate (Ellis & 
Lambrechts 1986). Low, irregular precipitation patterns and 
the increasing aridity from east to west contribute towards 
the mosaic of communities near Cradock (880 m, 334 mm), 
Graaff-Reinet (727 m, 353 mm), Aberdeen (732 m, 284 
mm) and Pearston (710 m, 328 mm). The communities 
extend from the Grassy Dwarf Shrublands in the east to the 
Succulent Dwarf Shrublands in the west (Tables 5 & 6). On 
the boundaries of the Dwarf Shrublands, at contact with 
Succulent Thicket or Grasslands, transitional communities 
('apron-veld' or foots lope) occur. 
ilIA. Grassy Dwarf Shrublands on the Katberg sandstones 
of the Cradock region 
The principal sampling site in the eastern section of the 
study area is situated in the Commando Drift Nature 
Reserve (CDNR), which surrounds the Commando Drift 
reservoir at the confluence of the Tarka, Elands, Vlekpoort 
and Paling rivers (32° 02' S, 25° 59' E). The plant commu-
nities of this nature reserve are divided into four units, each 
containing grasses as differential species (palmer 1979). The 
releves have been classified as the grassy form of the Karoo 
Dwarf Shrublands (Table 5), with differential species being 
Aristida diffusa, Eragrostis obtusa. Enneapogon scoparius. 
Heteropogon contortus. Thesium hystrix. Helichrysum 
rosum. Chrysocoma ciliata. Indigofera sessilifolia and 
Themeda triandra. Companion species include Digitaria 
eriantha. Cymbopogon plurinodis and Eragrostis curvula. 
The communities occur on the fossiliferous beds of the 
Katberg Sandstone Formation (Johnson & Keyser 1976). At 
this position the beds are approximately 500 m thick and 
mudstone constitutes about 30% of the formation. The high 
percentage of mudstone has accelerated the formation of 
alluvium in this area and resulted in the formation of deep, 
duplex soils (i.e. having a structureless A-horizon and a 
clayey, structureless B-horizon). These duplex soils are 
susceptible to exceptionally severe erosion, leading to the 
formation of the so-called 'Vlekpoort erosion area'. 
Sedimentary rocks have been intruded, creating rocky ridges 
and convex sloping mountains. 
Table 5 A summary table of the 
differential and companion species of the 
Grassy Dwarf Shrublands of the Katberg 
sandstones of the Cradock region 
Gass 
Order 
Community 
Number of releves 
Differential species of community IlIA 1 
Melolobium candicans 
Tragus koeleroides 
Blepharis capensis 
Indigofera alternans 
Ehretia rigida 
Nenax microphylla 
Limeum aethiopicum 
Becium burchellianum 
Tragus racemosus 
Helichrysum zeyheri 
Felicia muricata 
Nemesia floribunda 
Microchloa caffra 
Moraea polystachya 
Paspalum sp. 
Differential species of community I1IA2 
Rhus burchellii 
Lycium oxycarpum 
Setaria sphacelata 
Sutera pinnatifuia 
Blepharis villosa 
Aptosimum procumbens 
Crassula obovata 
Differential species of community 
IlIA 1 and I1IA2 
Enneapogon scoparius 
Aristida diffusa 
Eragrostis obtusa 
Helichrysum rosum 
Chrysocoma ciliata 
Heteropogon contortus 
Thesium hystrix 
Indigofera sessilifolia 
Themeda triandra 
Companion species 
PenJzia incana 
Eragrostis lehmanniana 
Aristida congesta 
Protasparagus plumossus 
Eriocephalus umbellatus 
Lightfootia albens 
III 
A 
1 
15 
2 
2 
1 
2 
2 
2 
3 
2 
2 
2 
1 
2 
5 
4 
2 
1 
2 
5 
5 
5 
III 
A 
2 
13 
2 
2 
2 
2 
2 
5 
3 
3 
2 
4 
1 
2 
5 
3 
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I1IAL Aristida diffusa-Becium burchellianum Grassy Dwarf 
Shrublands 
Differential species are Becium burchellianum. Felicia 
muricata. Melolobium candicans. Blepharis capensis. 
Moraea polystachya and Nemesia floribunda. Companion 
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species include Pentzia incana. Eragrostis lehmanniana and 
Aristida congesta. Landform is a gently sloping to flat 
sandstone and dolerite ridge. Soils are shallow (30-50 cm). 
light brown, sandy looms. Percentage canopy cover varies 
from 15-80%, rockiness from 0-65% and grassiness varying 
from 40-75%. 
Rare and infrequent species include Hermannia vestita. 
Fingerhuthia sesleriiformis. Convolvulus sagittatus var. 
ulosepalus and Tetragonia echinata. Releves on the CDNR 
showed evidence of recent disturbance due to grazing by 
domestic ungulates, with a high incidence of grasses of low 
palatability to ungulates. Post-disturbance recovery is good, 
with an increase in the incidence of palatable grasses. It is 
suggested that the trend towards a more grassy condition 
will continue. 
IIIA2. Aptosimum procumbens-Rhus burchellii Broken 
Dwarf Shrublands 
Differential species include Aptosimum procumbens. Setaria 
sphacelata. Rhus burchellii and Crassula obovata. 
Companion species are Pentzia incana. Eragrostis lehman-
niana and Aristida congesta. Rhus burchellii. Diospyros 
lycioides and Acacia karroo account for the brokenness of 
the landscape (Figure 9), however their percentage 
contribution to canopy cover is < 10%. The terrain is very 
rocky, with sandstone and dolerite mixed in various 
proportions. Aspect is flat to north-facing, with the 
associated tendency towards greater aridity. Elevation varies 
from 1 020-1 330 m. Soils are all shallow, sandy loams. 
Infrequent species include Enneapogon desvauxii. Hertia 
pa/lens. Dicoma spinosa and Pegolettia retrofracta. 
Synonymy: sensu lato False Karroid Broken Veld 
(Acocks 1988). 
IIIB . Grassy Dwarf Shrublands of the Camdebo and 
Aberdeen plains 
The Camdebo and Aberdeen pediments are characterized by 
two well-represented communities (Table 6) which cover a 
large area of these plains. The relationship between 
vegetation and environment is difficult to unravel, as a 
Figure 9 Aptosimum procumbens-Rhus undulata Broken Dwarf 
Shrubland. This example of the Grassy Dwarf Shrubland contains 
grasses Setaria sphacelata. Eragrostis lehmanniana and Aristida 
diffusa in the foreground. 
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Table 6 A summary table of the 
differential and companion species of the 
Grassy Dwarf Shrublands of the Camdebo 
and Aberdeen plains 
Class 
Order 
Community 
Nwnber of releves 
Differential species of community IIIB 1 
Lycium schizocalyx 
Eragrostis oblusa 
Rosenia humuiis 
Eragroslis lehmanniana 
Eberlanzia spinosa 
Blepharis vil/osa 
Eriocephalus ericoides 
Galenia sarcophyl/a 
Prolasparagus suaveolens 
Mesloklema luberosum 
Ar isl ida diffusa 
Felicia fi/ifolia 
Pegolellia relrofracla 
Thesium hyslrix 
Trichodiadema bulbosum 
Melicia racemosa 
Thesium rigidum 
Helichrysum zeyheri 
SUlera pinnali[uia 
Tragus racemosus 
Eragrostis chloromelas 
Aptosimum procumbens 
Gazania linearis 
Sarcocaulon ca~boense 
Indigofera sessi/ifolia 
Enneapogon scoparius 
Microchloa caffra 
Companion species 
PenJzia incana 
Aristida congesla 
Chrysocoma ciliata 
Felicia muricata 
Tragus koelorides 
Senecio aCUlifo/ius 
Hibiscus pusil/us 
Eragrostis curvuia 
Digilaria erianJha 
Merxmuellera disticha 
Nenax microphy//a 
He/ichrysum dregeanum 
He/ichrysum rosum 
Hermannia cuneifolia 
Euphorbia ferox 
Cynodon incompletus 
Lepidium africanum 
Alriplex semibaccata 
Limeum aethiopicum 
Walafrida geniculata 
III 
B 
1 
40 
4 
3 
3 
2 
2 
2 
2 
2 
5 
5 
3 
3 
2 
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mosaic of communities may exist. The activities of small 
mammals on these plains contributes to the mosaic by 
creating areas of disturbance up to 300 m2 in area (palmer 
1987). 
A synonymous order, the Pentzietea incanae, occurs in 
the rocky soils of the western upper Orange river valley 
(Werger 1980). The intruding species of the Pentzio--
Chrysocomion (Werger 1980) are an important disting-
uishing feature of the order. However, the hypothesis that 
these are intruding species has not been fully tested and the 
differential species suggested by Werger (1980) do not 
retain their fidelity to the order. It is suggested that the 
intruding species of the Pentzio--Chrysocomion be included 
in the differential species of the order Pentzietea incanae. 
Synonymy: sensu stricto Pentzietea incanae (Werger 
1980) 
IIIB 1. Eriocephalus ericoides-Rosenia humulis Grassy 
Dwarf Shrubland 
This community occurs on the flat to gently sloping 
pediments where the substrate consists of pedologically 
young soils derived from colluvium on resistant sandstone 
and dolerite. Releves are not located on the deep structure-
less Quaternary alluvia, but rather on shallow soils (l0-50 
cm) that have developed in situ. Soil pH (H20) is weakly to 
strongly alkaline (6.7-7.6) with high Ca (156 ppm) and Na 
(4.1- 13.2 ppm) levels . The presence of limestone (CaC03) 
at :t 30 cm below the surface is a common feature. There 
does not appear to be a predictable relationship between the 
seriousness of the erosion and the presence or absence of 
any of the differential species. 
Growth forms include microphyllous dwarf shrubs, 
succulent dwarf shrubs, deciduous shrubs and grass (Figure 
10). In a subjective structural analysis of the releves, annual 
and weakly perennial grasses account for 20-80% of cover. 
This grassiness is exemplified by the differential species 
Microchloa caffra, Enneapogon scoparius. Schismus 
inermis. Melica racemosa and Eragrostis chloromelas. 
Differential species include the dwarf shrubs Blepharis 
villosa. Rosenia humulis. Felicia filifolia. Gazania linearis 
and Helichrysum zeyheri. 
mc. Dwarf Shrublands (typicum) of the Camdebo 
A feature of the geological ontogeny of the Camdebo is the 
presence of dolerite sills which encircle the plain and dykes 
which traverse it. One of the physiographic effects of the 
sills is that a raised platform develops and the parent 
material from which the soil originates is dolerite, giving 
rise to a shallow Mispah Form with a CaC03 hardpan. Van 
Riet & Minnaar (1977) describe this as a Mispah/Nyoka 
association, with saprolite below the pedocutanic B-horizon. 
The presence of a calcareous layer in the B-horizon, and the 
predominantly non-red colour justifies the classification of 
MacVicar et al. (1977). This phenomenon is particularly 
obvious on the farm Brooklyn where the plateau is not 
influenced by secondarily transported parent material. The 
Oxidizing dolerite inclusions are common at a depth of 
20 cm. The Dwarf Shrubland associated with raised dolerite 
plateaux is discernable on the Landsat imagery. 
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Figure 10 Eriocephalus ericoides-Rosenia humilis Grassy 
Dwarf Shrubland. 
mcl. Euryops anthemoides-Sutera halimifolia Dwarf 
Shrubland 
Differential species (Table 7) are dominated by Blepharis 
villosa. Eberlanzia spinosa. Crassula muscosa and Senecio 
radicans. Companion species include Pentzia incana. 
Aristida congesta. Eragrostis lehmanniana. E. obtusa and 
Chrysocoma ciliata. The association between species within 
the differential species group, for example Rhigozum 
obovatum. Pachypodium succulentum and Haworthia 
viscosa, suggest that further sub-division of this community 
is necessary. 
/lID. Succulent Dwarf Shrubland 
Important genera which distinguish this order from others in 
the class are Trichodiadema. Ruschia. Anacamoseros. 
Mesembryanthemum. Euphorbia. Eberlanzia. Mestoklema. 
Crassula and Senecio. Other small-leaved dwarf shrubs 
(Pentzia. Eriocephalus. Pteronia) are present in the 
landscape, with the weakly perennial grasses appearing after 
rain. 
The presence of numerous Nama-Karoo endemics 
(Palmer 1990a) suggests that the Succulent Dwarf 
Shrubland has a phytogeographical affinity with the 
Nama-Karoo biome. The order characteristically grows on 
the lower pediments and bottom lands in deep, sandy, sodic 
soils (Palmer 1988). 
IIIDl. Senecio acutifolius-Haworthia viscosa Succulent 
Dwarf Shrubland 
Differential and companion species of this community 
(Figures 11 & 12) are listed in Table 8 and are Nama-Karoo 
or regional endemics. The succulent dwarf shrubs which 
differentiate this community are Senecio a cutifolius. S. 
radicans. Trichodiadema pygmaeum. Crassula muscosa. 
Euphorbia ferox. Mestoklema tuberosum and Eberlanzia 
spinosa. Pentzia incana. Aristida congesta. Eriocephalus 
ericoides and Lycium schizocalyx are companion species. 
Rockiness accounts for up to 40% of cover. 
Synonymy: sensu lato False Central Lower Karoo 
(A cocks 1988) 
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Table 7 A summary table of the 
differential and companion species of the 
Dwarf Shrubland typicum of the Camdebo 
and Aberdeen plains 
Class 
Order 
Community 
Number of releves 
Differential species of community mCI 
Rhigozum obovalum 
Pachypodium succulenlum 
HaworlhiLl viscosa 
SUlera halimifoliLl 
Polygala hollenlola 
Blepharis capensis 
PleroniLl glauca 
Euryops anlhemoides 
I ndigofera sessilifolia 
Walafrida geniculata 
Nenax microphylla 
Sporobolus ludwigii 
Eragrostis curvula 
CnidiLl polycephala 
Merxmuellera dislicha 
PenlziLl globosa 
Lycium schizocalyx 
Bulbine abyssinica 
Ceigeria ornaliva 
Mesembryanthemum karrooense 
Ornilhogalum sp. 
Lepidium africanum 
B lepharis villosa 
Crassula muscosa 
Senecio radicans 
EberlanziLl spinosa 
TrichodiLldema seluliferum 
Companion species 
PenlziLl incana 
Aristida congesla 
Eragrosl~' lehmanniana 
Eragroslis oblusa 
Protasparagus suaveolens 
Chrysocoma ciliala 
Rosenia humul~, 
Arislida diffusa 
Aptosimum procumbens 
Tragus koeleroides 
Eriocephalus ericoides 
Felicia filifoliLl 
Tragus racemosus 
Thesium rigidum 
PegoletliLl relrofracla 
Helichrysum rosum 
Cadaba aphylla 
III 
C 
14 
2 
2 
I 
2 
2 
2 
3 
2 
2 
2 
5 
5 
4 
3 
3 
3 
2 
2 
2 
2 
IV. Sub-t ropical Transit ional Thicket 
The term 'transitional' refers to the uncertain phyto-
chorological affinity of the class. Cowling (1983) reports 
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Table 8 A summary table of the 
differential and companion species of the 
Succulent Dwarf Shrubland of the 
Camdebo 
Class 
Order 
Community 
Number of releves 
Differential species of community IIIDI 
Senecio longiflorus 
Senecio acutifolius 
Haworthia viscosa 
TrichodiLldema pygmaeum 
Sarcocaulon camdeboense 
Rhigozum obovatum 
EberlanziLl spinosa 
Pachypodium succulentum 
Bulbine sp. 
Blepharis villosa 
Bulbine abyssinica 
Crassula muscosa 
Crassula tetragona 
Senecio radicans 
Mestoklema luberosum 
Protasparagus striLltus 
EuphorbiLl ferox 
Anacampseros telephiaslrum 
RuschiLl grisea 
EuphorbiLl esculenta 
CaleniLl sarcophylla 
Zygophyllum relrofraclum 
Crassula corallina 
Crassula ericoides 
Salsola aphylla 
Psilocaulon absimile 
Companion species 
PentziLl incana 
Arislida congesla 
Lycium schizocalyx 
Eriocephalus ericoides 
RoseniLl humulis 
Thesium rigidum 
PegolelliLl retrofracla 
Eragroslis oblusa 
Aristida diffusa 
F eliciLl filifoliLl 
Prolasparagus suaveolens 
Tragus koeleroides 
III 
D 
I 
II 
4 
5 
3 
4 
4 
4 
3 
4 
2 
2 
2 
3 
3 
3 
3 
I 
1 
I 
3 
5 
5 
5 
2 
2 
2 
2 
2 
I 
2 
that many of the succulent species in the class have been 
classified as Tongaland-Pondoland-Karoo-Namib linking 
species. Together with Lubke et at. (1988), the suggesLion 
Lhat this class has an affinity with the Tongaland-Pondoland 
Regional Mosaic (Moll & White 1978) is supported. 
In the treatment of the vegetation of the Fish River scrub 
variation of the Valley Bushveld (Palmer 1981), mesic and 
xeric variations of the thicket were described. Cowling 
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Figure 11 Senecio aCu1ifolius-Haworlhia viscosa Succulent 
Dwarf Shrubland in the rocky upper pediment on the Karoo 
Nature Reserve. 
Figure 12 Senecio aCu1ifolius-Haworlhia viscosa Succulent 
Dwarf Shrubland on the lower pediment near Gannalaagte on the 
Karoo Nature Reserve. 
(1983) and Everard (1987) incorporate these concepts in 
Kaffrarian Thicket and Succulent Kaffrarian Thicket. In the 
Camdebo, the xeric variation, or Karroid Succulent Thicket 
(Cowling 1984) was encountered. The name Camdebo 
Succulent Thicket is suggested for this order. 
IVA Camdebo Succulent Thicket 
Communities containing the succulent shrub Portulacaria 
a/ra and low-growing succulents of the genera Crassula, 
Aloe. Cotyledon. Euphorbia. Sarcostemma and Lycium, 
occur in a belt below the snow line (400-1 060 m), yet 
above the pediments. This belt may be the result of moder-
ate temperatures experienced by these areas during 
extremely low temperature situations recorded in winter. 
Low temperatures in the Portulacaria a/ra-Euphorbia 
bothae sub-association were recorded by Palmer (1981) on 
the Andries Vosloo Kudu Reserve, but these only persisted 
for a very short time, whereas above the snowline on the 
KNR, low temperatures probably persist for much longer 
periods. 
The gradient from the typical Succulent Thicket to the 
89 
mesic variation occurs along two axes, namely an increase 
in elevation or movement further eastwards. The minerally 
rich soils of mudstone origin give way to less basic soils of 
sandstone origin. There is a decrease in the occurrence of 
succulence with P. a/ra being replaced by Rhus incisa and 
Scutia myrtina. The bushclumps are clearly defined, and the 
herbaceous component contains fewer dwarf shrubs. This 
condition has been described by Martin & Noel (1960) as a 
bushclump savanna. Low-growing Crassula spp. are 
present. 
The herbaceous layer varies from a mixed grassy situation 
during wet periods to a dwarf shrubland during dry periods. 
The condition is further exacerbated by the shallow 0-
horizon (where this is still present) and processes associated 
with the soil erosion cycle, such as soil capping and the 
deposition of a shallow silt layer above the A-horizon. The 
herbaceous communities do not reflect the condition of the 
order, but rather the recent management history of the site. 
Different treatments of the vegetation, ranging from 
intensive non-selective grazing through to very low intensity 
use, combined and with the option of sporadic fire, indicate 
that different structural groups may be adjacent. 
Synonymy: sensu lato Succulent Mountain Scrub (Spek-
boomveld), Valley Bushveld, Noorsveld (Acocks 1988); 
Karroid Succulent Thicket (Cowling 1984). 
IVAI Abutilon sonneratianum-Portulacaria a/ra Succulent 
Thicket 
This community (Table 9) occurs in areas receiving :t 
300-350 mm rain per annum. Occupying both warm and 
cool slopes, it may assume thicket proportions on slopes 
covered by dolerite boulders. On the KNR, I describe a 
Portulacaria a/ra-Grewia robusta association that reflects 
the floristics of this community (palmer 1989). On the 
southern aspects, the community is taller (> 2.5 m) with a 
light canopy of P. a/ra developing. Herbaceous cover in the 
understorey is limited to weakly perennial grasses (Cynodon 
incompletus) and herbs (Abutilon sonneratianum and 
Protasparagus spp.). Differential species include May tenus 
polyacantha. Pappea capensis and Rhigozum obovatum as 
woody single- and multi-stemmed individuals. Soils have an 
organically rich orthic A-horizon, varying in depth from 
20-30 cm. Na levels are low, with a moderately acidic pH 
(palmer 1988). 
P. a/ra may form a 'curtain' around the perimeter of a 
number of individuals, creating a domed clump. This 
structure provides optimum foraging surface for the 
browsing herbivores. Excessively browsed examples 
(intensive agricultural use) do not display this 'curtain' of 
vegetative material, but a suitable 'rest' from intensive 
utilization has resulted in the development of this 
phenomenon the KNR (palmer 1989) and the Andries 
Vosloo Kudu Reserve (Palmer 1981). 
IV A2 May tenus polyacantha-Pappea capensis Degraded 
Succulent Thicket (Figure 13) 
Differential species (Table 9) include Diopyros lycioides. 
Aristida diffusa. Protasparagus suaveolens. Enneapogon 
scoparius and Blepharis villosa, suggesting that this is a 
degraded form of the Succulent Thicket. 
90 
Table 9 A summary table of the differential and 
companion species of the Succulent Thicket of the 
Camdebo 
Oass 
Order 
Community 
Number of releves 
Differential species of community IVAI 
AbuJilon sonneratianum 
Panicum maximum 
Lycium oxycarpum 
Rhoicissus tridentata 
Schotia afra 
Rhus refacta 
Diospyros austro-africana 
Viscum obscurum 
Crassula perforata 
Cussonia spicata 
Nymania capensis 
Cenchrus ciliarus 
Differential species of community IV A2 
Diospyros Iycioides 
Protasparagus suaveolens 
Aristia diffusa 
Blepharis villosa 
Enneapogon scoparius 
Differential species of community IV A3 
Senecio longiflorus 
Peliostomum organoides 
Aizoon rigidum 
Pachypodium succulentum 
Lycium schizocalyx 
Aloe striata 
Galenia sarcophylla 
Euphorbia heptagona 
Differential species of communities 
IVAI.2&3 
Portulacaria afra 
Pappea capensis 
Rhigozum obovatum 
Carissa haematocarpa 
Aristida congesta 
May tenus polyacantha 
Boscia oleoides 
Protasparagus striatus 
Crassula ovata 
Aloe ferox 
Companion species 
Pentzia incana 
Grewia robusta 
Rhus longispina 
Acacia karroo 
Eragrostis obtusa 
Chrysocoma ciliata 
Cynodon incompletus 
Euclea undulata 
Crassula muscosa 
IV 
A 
10 
2 
2 
2 
2 
5 
4 
3 
3 
2 
5 
2 
5 
4 
2 
3 
1 
IV 
A 
2 
13 
4 
3 
2 
2 
3 
4 
3 
3 
5 
3 
3 
4 
5 
5 
IV 
A 
3 
5 
5 
5 
5 
3 
3 
5 
3 
5 
5 
5 
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Figure 13 May tenus polyacantha-Pappea capensis Degraded 
Succulent Thicket. 
Figure 14 A fenceline contrast in Roussouwspoort, with the 
degraded condition on the left and a conserved example on the 
right. 
The absence of Portutacaria afm may be a product of 
recent agricultural practices in the region. Repeated 
defoliation of P. afm causes mortality in this species 
(Aucamp 1979) and can result in fence-line contrasts 
(Figure 14). This destruction of the P. afm in the Succulent 
Thicket may be a result of the land-managers' persistence in 
ignoring the recommended 200-day re-foliation period 
(Aucamp 1979). P. afra is not a preferred browse species of 
domestic herbivores in Succulent Thicket containing Boscia 
oleoides. Grewia robusta or Rhigozum obovatum (Stuart-
Hill pers. comm.). Utilization of the succulent shrub layer 
by domestic stock may reduce the total density from a 
potential 8718 to 696 shrubs per ha (Stuart-Hill et at. 
1986). P. afra does not display obvious anti-predator 
adaptation and recent sustained use has depleted the histor-
ical distribution. A comparison of Acocks' map with the 
vegetation map prepared using satellite imagery (Figure 15). 
provides further evidence for a decline in the area covered 
by Succulent Thicket. The Succulent Thicket in Figure 3 
includes both the transformed and untransformed 
communities. 
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Figure 15 The vegetation map for 3224 Graaff-Reinet. 
IV A3 Peliostomum origanoides-Portulacaria alra Succu-
lent Thicket 
Located on the north-facing middle pediments, this 
community occurs on the KNR. Differential species are 
Peliostomum origanoides, Aloe striata, Lycium schizocalyx, 
Aizoon rigidum and Euphorbia heptagona. High cover-
abundance values for Rhigozum obovatum and Grewia 
robusta are recorded and dolerite boulders are consistently 
present. Mudstone was occasionally present in the 
geological material in the releves, suggesting this 
community is associated with these mineralized soils. 
V Riparian Thicket 
VA Lycium oxycarpum-Maytenus heterophylla Riparian 
Thicket 
The Dwarf Shrublands are broken by the rivers and streams 
which drain the plains and provide moisture regimes 
suitable for the development of Riparian Thicket (Table 10). 
The constituent species are woody shrubs and trees, 
including Ziziphus mucronata, May tenus heterophylla, 
Acacia karroo, Olea europaea and Diospyros Iycioides. The 
herb layer consists of both grass and dwarf shrubs. The 
species in this community show both Sub-Tropical and 
Sudano-Zambezian affinity, suggesting that this habitat may 
represent refuges for woody species in this semi-arid 
environment. This community was not sampled intensively 
and more information is provided by Werger (1980). 
Synonymy: sensu stricto Zizipho-Acacietum Karroo 
(Werger 1980). 
Discussion and Conclusions 
Concepts of ecosystem structure (community unit, individ-
ualistic, multiple working hypothesis) emphasize the danger 
of over-simplification by interpreting gradients using 
restricted environmental data. Interpretation of the classifi-
cation in this study is confined to the precipitation gradient. 
The prepared rainfall isohyets provide better differentia-
tion of precipitation nodes than those published for the study 
area (Venter et al. 1986). The nodes of low rainfall « 250 
mm per annum) coincide with the incidence of Succulent 
Dwarf Shrubland, and the high rainfall coincide with Grass-
land and Forest (> 400 mm), with the Grassy Dwarf 
Shrubland occurring in the interval from 250-350 mm per 
annum . This relationship between the rainfall pattern and 
vegetation suggests that precipitation is an important 
environmental factor contributing to the distribution of the 
flora. 
In the Dwarf Shrubland, a vegetation mosaic exists, each 
stand possibly representing a different age since last 
disturbance. Small mammal activity contributes to these 
disturbances. In a Succulent Dwarf Shrubland in Namaqua-
land, a pattern of aggregation caused by a regeneration is 
evident in young communities (Prentice & Werger 1985). 
As communities decay, the distribution of individuals tends 
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Table 10 A summary table of the 
differential and companion species of the 
Riparian Thicket of the Camdebo 
Class 
Order 
Community 
Number of releves 
Differential species of community V A I 
Ehretia rigida 
Crewia occidenlalis 
Crewia robusta 
Rhus pentherii 
Melolobium candicans 
Chloris virgata 
Ziziphus mucronata 
Diospyros lycioides 
May tenus heterophylla 
Azima tetracantha 
Cussonia spicata 
Walafrida geniculala 
Olea europaea 
Companion species 
Cynodon incomplelus 
Acacia learroo 
Prolasparagus slrialus 
Penlzia incana 
Arislida congesla 
Tribulus lerrestris 
Alriplex lindleyii 
Infrequent species 
Lycium oxycarpum 
Euclea undulala 
Lepidium a/ricanum 
Lycium schizocalyx 
Blepharis capensis 
Wala/rida geniculala 
Indigo/era denudala 
Eragroslis oblusa 
Pappea capensis 
Rhus longiJ'pina 
Boscia oleo ides 
J uncus eJfusus 
Salsola leah 
Pachypodium succulenlum 
Senecio burchell ii 
Melolobium candicans 
Crassula muscosa 
Salsola aphylla 
Barleria obtusa 
Circium vulgare 
Eragroslis lehmanniana 
V 
A 
I 
5 
2 
2 
2 
5 
4 
3 
3 
2 
2 
2 
towards randomness as larger individuals compete for 
resources . The application of different agricultural grazing 
regimes may funher influence decaying communities. 
In the Sub-Tropical Transitional Thicket, the vegetation 
varies from succulent bushclumps to very dense thicket. 
S .-Afr .Tydskr .Plantk., 1991, 57(2) 
Three theories are proposed to explain clumping in 
shrubland: opening up by stock of a formerly dense 
vegetation (sensu Acocks 1988); the retrogression of a 
fonnerly more extensive thicket as a result of fire and the 
promotion of fire-climax grassland (Martin & Noel 1960) or 
the colonization of Grassland or Dwarf Shrubland by 
Thicket and Shrubland precursors (Tinley 1975). All are 
pertinent to explaining clumping in woody and succulent 
elements of the bushclumps and thicket. The recognition of 
a gradient from a mesic to a xeric situation will also assist in 
understanding the dynamics of the order. The boundaries of 
homogeneous stands of this order are detectable on 
LANDSAT MSS imagery when spectral reflectance patterns 
dominated by high values in band 7 are used in association 
with ground reference data (Palmer 1990b). The boundaries 
of the polygons were sharp, making monitoring using these 
data feasible. Transfonnation within the order has taken 
place in both the shrub component and the herbaceous layer, 
resulting in a range of associations. 
Earlier descriptions of the Grasslands (Acocks 1988) are 
not elaborated on by this study. The results support his 
classification, but a detailed second approximation is 
necessary. 
In natural ecosystems it is possible to integrate the 
multiplicity of biotic and abiotic components into a 
'landscape' classification system (Coetzee 1983). The 
'landscape' comprises a recurrent pattern of plant 
communities with associated fauna and abiotic habitat. The 
habitat or 'ecotope' is a distinct class of land defined by its 
macro-climate, terrain fonn and soil pattern, and may be 
suitably mapped at 1:250000 scale (Mac Vicar et al. 1974). 
The ecotope may have a distinct vegetation, although natural 
vegetation is unlikely to be the primary component of the 
ecotope, and the same ecotope with its associated vegetation 
type may be found in several types of landscape (Mac Vicar 
et al. 1974). In this study it is suggested that each LSU can 
be classified according to its biotic and abiotic attributes. 
The floristic classification scheme achieved in this study 
provides the basis for this approach. 
A visual comparison between the summarized vegetation 
map for 3224 Graaff-Reinet and the map of Acocks reveals 
that VT 42 and the Grassy Dwarf Shrublands of the Katberg 
Sandstones are similar in their location and extent. The 
Succulent Mountain Veld (VT 25) is more fragmented than 
recorded by Acocks and the False Central Lower Karoo 
(synonymous with Succulent Dwarf Shrubland) is greater 
than was previously suggested (A cocks 1988). The 
Shrublands, with their savanna/grassland affinity (palmer 
1990a) deviate from the suggested Karoo affinity of the 
Karroid Merxmuellera Mountain Veld (VT 60). 
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